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Normal reading relies on making saccadic eye-movements along lines of text, and ending each movement with a brief fixational pause during which visual information is acquired. In this way, eye movements and fixational pauses provide visual information from a range of different areas on each line, and this contributes to the processing of text during reading (for a review, see Rayner, 2009 ).
However, the extent of the area at each fixational pause within which information influences reading (the perceptual span) appears to be quite limited. In particular, estimates of the perceptual span have been reported using an eye-tracking technique in which a fixed area of text extending outwards from each point of fixation is displayed normally during reading but text outside this area is replaced (e.g., with xs). Using this technique, several studies have demonstrated that skilled readers of English, and other alphabetic systems read from left to right, obtain useful information from an asymmetric area that extends 14-15 character spaces to the right of fixation but no more than 3-4 character spaces to the left, and certainly no further than the beginning of the fixated word (e.g., McConkie & Rayner, 1975 , 1976 Rayner, Well, & Pollatsek, 1980; Rayner, Well, Pollatsek, & Bertera, 1982) . Consequently, while the perceptual span to the right of fixation is substantial, it is generally accepted that the perceptual span to the left of fixation is markedly small. This asymmetry is viewed widely as demonstrating the involvement of forward-directed shifts of spatial attention during reading (e.g., Miellet, O'Donnell, & Sereno, 2009; Pollatsek, Bolozky, Well, & Rayner, 1981) . Nevertheless, the view that normal reading uses information from such a short distance to the left of fixation seems odd. In particular, the human visual system shows clear bilateral symmetry in the acquisition of visual information to the right and left of fixation, and this symmetry extends across the visual field (for a review, see Jordan & Paterson, 2009 ). Consequently, while the perceptual span extends rightwards from fixation by some considerable distance, the same spatial extent of visual input that provides this rightward area of information during reading will also be available for text to the left of fixation. Moreover, it is What's Left in Reading? 4 clear that information supporting word recognition to the left of fixation can be acquired from areas substantially further from fixation than the 3-4 character spaces indicated by the perceptual span. For example, presented words individually at various eccentricities to the right and left of a central fixation point and used an eye-tracker to control the location of each presentation. The findings revealed that identification was better than chance for words to the right and left of fixation even at an eccentricity of 4 degrees, corresponding to about 14 character spaces from fixation. Since the processes involved in identifying words are a vital component of reading, useful visual information may well be acquired during reading from locations further to the left of fixation than is generally accepted.
Some support for this view can also be found in studies of textual reading. Binder, Pollatsek and Rayner (1999) found that changing the identity of the word to the left of the currently fixated word (and so further away than the widely reported leftward extent of the perceptual span) disrupted performance relative to when the word remained unchanged. In a similar vein, Rayner, Castelhano, and Yang (2009) found that performance was disrupted when the word to the left of the fixated word comprised only xs during each fixational pause, and Apel, Henderson, and Ferreira (2012) found that regression performance was disrupted when the word to the left of the fixated word was composed of replacement letters. Thus, despite the widely cited parameters of the perceptual span, these findings suggest that reading can be influenced by information acquired further to the left of fixation than is generally assumed.
Against this background, the present research took a fresh look at the size of the area to the left of fixation within which the properties of text influence reading performance. To do this, we chose a fundamental component of text -interword spaces -which several previous studies have shown exert important influences to the right of fixation during reading. In particular, when interword spaces to the right of fixation were obscured in these studies by replacing spaces with other items (e.g., letters, digits, or blob-like gratings), reading was disrupted when obscured text was within 12-15 character spaces from fixation, suggesting that interword spaces from a What's Left in Reading? 5 substantial area of rightward text normally influence reading performance (e.g., McConkie & Rayner, 1975 , 1976 Morris, Rayner, & Pollatsek, 1990; ; see also Rayner, Fischer, & Pollatsek, 1998) . However, while influences of interword spaces to the right of fixation are well established, influences of interword spaces to the left of fixation have received very little attention. Indeed, only one study has specifically addressed the influence of interword spaces to the left of fixation (McConkie & Rayner, 1976) , but only 3 participants took part and even standard influences of rightward interword spaces were not obtained. Perhaps not surprisingly, this study also produced no discernible influences of leftward interword spaces on performance.
Accordingly, we investigated the influence of interword spaces to the left of fixation during reading using a version of the gaze-contingent boundary paradigm (e.g., Rayner, 1975) in which an invisible boundary was created for each word in a line of text (a normal sentence) presented on a screen. Each boundary was located at the screen coordinate corresponding exactly to the leftmost edge of each word in the sentence so that as a saccade crossed a boundary during reading, selected interword spaces to the left of that boundary were obscured. In line with previous research using the boundary paradigm to investigate the perceptual span (for a review, see Schotter, Angele, & Rayner, 2012) , each change to interword spaces was made during a saccade (when the acquisition of information in reading is greatly suppressed) so that the implementation of each change was not visible to the reader.
Each interword space was obscured by replacing it with a letter x (see Figure 1 ). This procedure is highly effective at obscuring interword spaces in text whilst preserving all other information, and has been used extensively to establish the rightward extent of the influence of interword spaces on reading (Schotter et al., 2012) . In the present study, all interword spaces to the left of fixation were obscured beginning at one of 4 locations (1, 2, 3, or 4 interword spaces) to the left of the fixated word. In the 1 st space condition, all leftward interword spaces were obscured from the first space to the left of the currently fixated word (between words n and n-1); in the 2 nd space condition, all leftward interword spaces were obscured from the second space to the left of the currently fixated word (between words n-1 and n-2); and so on. In this way, the proximity of obscured interword spaces to each fixated word was controlled precisely so that the area to the left of fixation within which interword spaces influenced reading performance could be determined.
The logic of this research was straightforward. If processing interword spaces to the left of fixation is a normal component of reading, normal reading should be disrupted when these spaces are obscured. More crucially, the area within which these spaces influence reading should be revealed by the distance from fixation (1, 2, 3, or 4 interword spaces) at which obscuring interword spaces is disruptive. If the influence of information acquired to the left of fixation extends no further than the left boundary of the currently fixated word (as the widely accepted view of the perceptual span proposes), reading performance should be disrupted, at best, only when information about this boundary is obscured (i.e., in the 1 st space condition). However, if the influence of interword spaces extends further leftwards than this, the area of this influence from fixation should become apparent. To provide a comprehensive measure of the influence of interword spaces on reading, reading performance was assessed by recording mean fixation duration, total number of fixations, progressive saccade count, regressive saccade count, progressive saccade length, regressive saccade length, and overall reading time.
Method
Participants. Eighteen participants, aged 18-25, were recruited from the University of Leicester and local community. All participants were native speakers of English, and had normal or corrected to normal vision, as determined by Bailey-Lovie (Bailey & Lovie, 1980) , ETDRS (Ferris & Bailey, 1996) , and Pelli-Robson (Pelli, Robson, & Wilkins, 1988) conditions where a letter x occupied all leftward interword spaces beginning at one of 4 locations from each fixated word: between the fixated word n and word n-1 (1 st space), between n-1 and n-2 (2 nd space), between n-2 and n-3 (3 rd space), and between n-3 and n-4 (4 th space). These locations were the following mean number of character spaces from the left boundary of fixated words: 1 st space, 1.0; 2 nd space, 6.6; 3 rd space, 12.2; 4 th space, 17.7. Sentence displays were randomized and selected for each display condition using a Latin square design so that each participant saw any sentence only once but all 144 sentences were shown equally often in each display condition across all participants. Practice sentences were presented at the start of each session.
Apparatus and Procedure. Sentences were displayed as black text on a white background in Courier font on a 19 inch monitor with a screen resolution of 1600 x 1200 at 120Hz, and 4
letters subtended approximately 1.2°. Eye movements were recorded using an Eyelink 2K eyetracker with a spatial resolution of .01° and the position of each participant's right eye was sampled at 1000 Hz using corneal reflection and pupil tracking. An invisible boundary was located at a screen coordinate that corresponded exactly to the leftmost edge of each word in the sentence. As the eyes passed each invisible boundary, a letter x was inserted in each appropriate interword space to the left of the invisible boundary before the next fixational pause. Since an invisible boundary was created for every word in a sentence, all letter xs were displayed the appropriate number of interword spaces from the fixated word, whichever word was fixated. The time between crossing an invisible boundary and changing the sentence display was 6-10ms. Pretesting with participants not used in the experiment showed that the implementation of each change could not be detected when reading each line of text.
At the beginning of the experiment, participants were instructed to read normally and for comprehension. The eye-tracker was then calibrated. At the start of each trial, a fixation square (equal in size to 1 character) was presented at the left of the screen. Once the participant fixated this location accurately for 250 ms, a sentence was presented, with the first letter of the sentence replacing the square. Participants pressed a response key when they finished reading each What's Left in Reading? 8 sentence. The sentence was then replaced by a comprehension question, to which participants responded. Calibration was checked between trials and the tracker was recalibrated as necessary.
Results
Participants showed high levels of sentence comprehension (>98%), and a one-way Analysis Analyses using whole-sentence data naturally included data from the very beginning of sentences, before any interword spaces were obscured. Consequently, the influence of obscuring interword spaces was examined further using only data from the point in each display at which an x appeared in an interword space. 
Discussion
The major indication from these findings is that obscuring interword spaces to the left of fixation during fixational pauses influenced reading performance even when obscured spaces were no closer than 2 and 3 interword spaces (more than 2 words) from the fixated word. Thus, notwithstanding the general view that the perceptual span extends leftwards no further than the beginning of the fixated word, these findings suggest that influences on eye movement behaviour during reading extend considerably further to the left, and occur more symmetrically around fixation. Indeed, 3 interword spaces in this study corresponded to an average of over 12 character spaces, which is rather close to the well-established rightward extent of the influence of interword spaces during reading (e.g., McConkie & Rayner, 1975 , 1976 Morris et al., 1990; ; see also Rayner et al., 1998) .
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From previous studies of interword spaces, the influence of leftward interword spaces is likely to derive from two sources. Most clearly, interword spaces provide important information about the boundaries of words when reading (e.g., McConkie & Rayner, 1975 , 1976 Morris et al., 1990; Rayner et al., 1998) and these boundaries affect perception of global aspects of words, such as their spatial location and length. But interword spaces can also facilitate word identification due to a reduction in lateral masking (e.g., Rayner et al., 1998) , especially for the exterior letters of words which may be particularly influential for reading (e.g., Jordan, 1995; Jordan, Thomas, Patching, & Scott-Brown, 2003; Rayner, White, Johnson, & Liversedge, 2006) . Consequently, following the findings of the present research, information about the location, length, and identities of words to the left of fixation may be acquired during each fixational pause.
But although only interword spaces to the left of fixation were obscured in each display, the pattern of effects observed on eye guidance indicates that this area of text exerts important influences on reading. In particular, compared to normal text, obscuring leftward interword spaces produced longer fixations, fewer fixations, fewer regressive and progressive saccades, and no influence on the amplitude of either type of saccade. Consequently, the fundamental influence of obscuring leftward interword spaces appears to have been to suppress movement away from the fixated location, indicating that more time than normal was required for processing text during each fixational pause before the next saccade could be implemented.
This delay in moving fixation location when leftward text was disrupted is consistent with previous views concerning the role of text passed during reading. In particular, it is often argued that information about words passed by a forward saccade, and which are now to the left of the fixated word, may facilitate reading by providing important clues to the accuracy of the new fixation and its location within the same line (e.g., Reichle, Liversedge, Pollatsek, & Rayner, 2009 ). In a similar vein, a number of researchers (e.g., Kennedy, Brooks, Flynn, & Prophet, 2003) have proposed that when forward saccades are made, maintaining a record of words passed helps integrate information acquired at each new fixation with that acquired previously along the same line (see also Mitchell, Shen, Green, & Hodgson, 2008) . Consequently, when leftward information is disrupted (as in the present study), the information provided by this area of text during each fixation is likely to become more difficult to process and so cause an increase in the duration of fixational pauses. Indeed, from the findings of the present study, information from text up to 3 interword spaces to the left of fixation may help maintain a cohesive mapping of the locations fixated during reading and help integrate new information acquired at each fixational pause with that already encountered along the same line.
But while obscuring leftward interword spaces clearly delayed shifts in fixation location it did not increase the frequency with which text to the left of fixation was inspected. Indeed, compared to normal text, obscuring leftward interword spaces produced fewer regressive and progressive eye movements and showed no influence on the amplitude of either type of saccade.
Thus, while our findings suggest that information from words to the left of fixation is available when making regressive saccades (see also Baccino & Pynte, 1994; Frazier & Rayner, 1982; Kennedy et al., 2003) , the influence of leftward text was not restricted to leftward eye movements.
As a result, although it is well-established that obscuring interword spaces to the right of fixation disrupts normal reading performance (e.g., Morris et al., 1990; , normal
forward progression also appears to be affected by similar manipulations to the left of fixation.
Moreover, the finding that both regressive and progressive saccades were affected by text to the left of fixation makes it unlikely that these influences depend on leftward shifts of attention when reading. In contrast, the influences of text to the left of fixation reported by other researchers suggest that these influences occur only when a greater allocation of attention has been made to the left, and so occur with regressive saccades (Apel et al., 2012) and word-skipping (Binder et al., 1999) . Thus, while some aspects of eye movement behaviors may be associated with shifts in attention, the influence of leftward interword spaces does not appear to rely on such shifts.
2
Finally, it should be emphasised that although at first sight our findings may seem at odds with longstanding research concerning the leftward extent of the perceptual span, closer inspection (as we have pointed out) reveals surprisingly little previous evidence concerning the effect of interword spaces to the left of fixation. Consequently, while it may appear that previous research provides a clear case against the importance of information to the left of fixated words when reading, our findings add to a growing body of evidence indicating that the leftward extent of the perceptual span is larger than is generally assumed. However, the influences of text to the left of fixation may be quite subtle (e.g., obscuring 1, 2, and 3 interword spaces from the fixated word increased normal fixation durations by an average of just 10 ms), and so careful experimentation may be particularly necessary to ensure that these influences are not overlooked.
In sum, the findings of the present research indicate that key aspects of eye guidance during reading are affected by the availability of leftward interword spaces in an area extending up to 3 interword spaces (more than 2 words) away from the fixated word. Indeed, when this information is obscured during a fixational pause, normal progression through text is measurably delayed.
Accordingly, these findings suggest that rather than relying on an area to the left of fixation that is remarkably small when reading, the span of important information to the left during each fixational pause is much greater, and so more symmetrical, than previously realized.
